The complex biochemical interactions which occur between parasites and their host cells require elucidation for a clear understanding of how an infectious process develops. Whether the reactions between microorganisms and tissues occur directly or are mediated through secondary mechanisms has been the subject of considerable discussion (Sanford, Barnett, and Gott, 1960; Gilbert, 1960; Atkins, 1960) . The administration of bacterial products (e.g., endotoxins) generally elicits profound physiological changes in recipient animals, and it seems clear that many of the effects on cell metabolism are related to andrenergic mechanisms. Other studies (Yunis and Harrington, 1960; Vicari, Olitzki, and Olitzki, 1960; Cohn and Morse, 1960; Berk, Nelson, and Pickett, 1960) have shown in vitro in the absence of hormonal factors that some bacterial preparations directly affect certain mammalian enzyme systems. Many of the discrepant findings seem best explained in terms of differences in cell type employed (e.g., rabbit polymorphonuclear leukocytes, human leukemic leukocytes, mouse monocytes) and in kind of bacterial preparation tested.
Previous studies in this laboratory indicated that the succinoxidase activity in vitro of mouse monocytes was depressed in the presence of dead Pseudomonas aeruginosa Berk and Nelson, 1960a ). In addition, other studies demonstrated that trace amounts of a pseudomonad polysaccharide (Piromen) depressed the oxidase activities of liver mitochondria (Berk and Nelson, 1960b) . The studies reported here were undertaken to characterize better the nature of the inhibitory substance from pseudomonads, and to compare its action on mouse tissues with lipopolysaccharide endotoxins of other bacteria.
MATERIALS AND METHODS
Peritoneal exudates containing monocytes were induced in 40 mice by the injection of mineral oil (1.0 ml/mouse). The cells were harvested 16 hr later, washed, and examined manometrically as previously described . The suspending medium consisted of phosphate buffer and contained 50 units of heparin per ml. Manometric experiments were run in the conventional manner at pH 7.3 and the total flask volume was 3.2 ml. The pH of Piromen, dead bacteria, sonic fractions, and lipopolysaccharides was adjusted to pH 7.3 prior to use. Monocytes, mitochondria, and liver supernatants were incubated respectively with a given bacterial fraction 30 min prior to the addition of substrate.
Mitochondria were prepared by homogenizing livers of 20 mice in chilled 8.5% sucrose-0.1 M phosphate buffer solution, pH 7.3, in a Waring Blendor for 60 sec. After removal of cellular debris by low speed centrifugation, the homogenates were centrifuged for 20 min at 19,700 X g and the sedimented mitochondria were resuspended in buffered sucrose solution. The resultant supernatant (liver supernatant) was also retained.
The incubation conditions for mitochondria studies were as follows: 20 ,umoles of succinate or p-phenylenediamine, 2 mg N/ml of liver mitochondria, 100 ,umoles of phosphate, pH 7.3, 0.5 jLmole of cytochrome c, 2 ,umoles of MgCl2, 10 ,umoles of NaCl. Monocyte experiments were performed with heparinized phosphate buffer, pH 7.3. Substrate and cytochrome c levels were the same as in mitochondria experiments. Lactic acid was determined by the method of Barker and Summerson (1941) . All experiments were at 38 C.
Fractions of P. aeruginosa were prepared by sonic treatment with a 9 kc Raytheon magnetostrictive sonic oscillator (for 60 to 120 min at 5 C) of washed organisms suspended in buffer. Intact bacteria and coarse debris were removed by low speed centrifugation. Particulate fraction 35p30 (Alexander, 1956) Table 1 indicate that heat-killed organisms depressed oxidase activity and that inhibition was somewhat dependent on the concentration of bacteria. Increasing increments of dead bacteria concomitantly decreased the rate of oxygen uptake. Table 2 shows that particulate fraction 35p30 of P. aeruginosa also exerted an inhibitory effect on liver oxidase activity. However, because the unheated bacterial particles exhibited their own respiratory activity, increasing concentrations of the bacterial extract interfered somewhat with the study of liver respiration. Table 3 indicates that the inhibitory response obtained was of a similar order regardless of whether heated or unheated particles or supernatant was used.
The data in Table 4 indicate that increasing concentrations of heat-killed P. aeruginosa exhibited increasing inhibitory effects on monocyte succinoxidase activity, but had little or no effect on cytochrome oxidase activity. When comparisons of the effects of heat-inactivated organisms, and both soluble and particulate fractions of sonically treated pseudomonads were made, the results ( (Table 6 ).
Because of these and previous findings with Piromen, other commercially available bacterial preparations were assayed for their effect on monocytes. The results presented in Tables 7 and TABLE 5 
DISCUSSION
In keeping with previous reports for Piromen (Berk and Nelson, 1960a, b) , the succinoxidase activity of liver supernatants, mitochondria, and monocytes was inhibited by intact and fractionated P. aeruginosa. However, a relatively high concentration of bacterial substance as compared to Piromen was needed for inhibition. Although less Piromen was needed, the inhibition of mitochondrial succinoxidase by this substance was overcome in time, whereas this was not true with intact and sonically treated pseudomonads. This difference could be related to membrane permeability and differences in particle size.
Both particles and supernatant prepared by sonic treatment of pseudomonads were equally or more toxic than the intact bacteria. Variance in sonic treatment could account for differences in distribution of inhibitory activity between particulate and soluble microbial fractions.
The finding that sonic fractions of pseudomonads inhibit metabolism of mammalian cells is similar to results of Sharpless and Schwab (1960) , who noted that streptococcal particles were toxic to mice. Our results also resemble those of Kun and Miller (1948) , who noted a depression in succinoxidase activity, but not cytochrome oxidase activity, in tissues excised from endotoxin-treated rabbits. They also noted considerable variation with regard to the con-461 centration of organisms or extract required to depress oxidase activity. As suggested earlier, the variation in results obtained by numerous investigators studying the effect of microbial toxins on cells and intact animals can best be accounted for by the great variation in experimental approach. Each investigator uses a different animal, microorganism, cell, bacterial preparation, or set of experimental conditions. As emphasized in a recent report by Elberg, Mascarenhas, and Fong (1960) , even the same animal furnishes different kinds of exudate cells in response to different peritoneal stimuli.
Our studies with endotoxins from bacteria other than Pseudomonas suggest that these lipopolysaccharides have no effect on either respiration or glycolysis in mouse monocytes. Such findings support current proposals (Sanford et al., 1960; Gilbert, 1960; Atkins, 1960) that the effect of endotoxin on the carbohydrate metabolism of cells is not direct, but rather is mediated through substances such as epinephrine.
Piromen resembles classical endotoxins in being a mixture of nucleic acids and a polysaccharide complex that contains lipid and nitrogen attributable to a bound glucosamine. It is interesting to speculate that the direct action of Piromen on cell metabolism may be specified by this unique nucleic acid component since no inhibitory action was noted with lipopolysaccharides free of nucleic acids. Since both the intact pseudomonad and various crude fractions thereof exhibit inhibitory activity on monocyte metabolism similar to that observed with the highly purified pseudomonad component, Piromen, it seems reasonable that most if not all of the observed toxicity of the pseudomonad is referable to the latter component. It follows that an understanding of the mechanism of action of this substance on cell metabolism is paramount to an understanding of the nature of pseudomonad infection and the mechanisms by which a body may develop resistance to this organism. 
